A new superovulation regimen for the monovulatory brushtail possum (Trichosurus vulpecula) has been devised. It reduces the number of hormone treatments required and elicits a better rate of ovulation than the established pregnant mares' serum gonadotrophin (PMSG)\p=n-\GnRH method. Ovarian stimulation was achieved by a single intramuscular injection of 15 iu PMSG. This treatment resulted in the recruitment and development of a large number (9\p=n-\12) of Graafian follicles on the ovaries. Induction of ovulation was achieved by a single intramuscular injection of 2\p=n-\10 mg pig LH or multiple intramuscular injections of GnRH, (4 \m=x\50 \g=m\g, 90 min apart) given 72 h after PMSG treatment. Superovulation occurred in all animals (n = 48) examined 48 h after treatment irrespective of dose of LH or type of ovulatory stimulus used. The highest ovulatory success (83%), the maximum number of ovulation sites (9.5 \ m=+-\ 2.8) and the highest number of oocytes recovered (9.0 \ m=+-\ 2.5) were achieved after treatment with PMSG and 4 mg LH. These results were significantly greater than the ovulatory success (43%), numbers of ovulation sites (3.9 \ m=+-\ 1.1) and number of oocytes recovered (2.1 \ m=+-\ 0.9) after PMSG\p=n-\GnRHtreatment (P< 0.05). This simpler and more effective superovulation protocol should assist with more effective manipulation of possum reproduction in captivity.
Introduction
The introduced brushtail possum (Trichosurus vulpécula) poses a serious threat to native New Zealand wildlife and is also a carrier of bovine tuberculosis which it can spread to farmed livestock (Livingstone, 1991) . Great emphasis has been placed on finding new methods of controlling possums as conven¬ tional methods, such as poisoning, are costly and unsustainable in the long term (Hickling, 1994) . One new method is the biological control of fertility (immunocontraception) (Jolly, 1993) . Testing for immunocontraceptive effects on gametes would be facilitated by the availability of a suitable in vitro fertilization (IVF) system. In vitro fertilization has been achieved in an American marsupial (Taggart et al, 1993) but not in an Australian species (Rodger, 1994) . Since possums are monovular (Tyndale-Biscoe and Renfree, 1987) , an efficient and simple superovulation regimen is required to produce large numbers of eggs for screening of candidate contraceptive antigens (Rodger, 1997) . Such a regimen would also improve the manipulation of marsupial reproduction in captivity for the study of early marsupial cellular and molecular development, and it has potential in the application of new reproductive technologies for the conservation of endangered species. Superovulation in possums was first achieved by Harding (1969) using multiple injections of pregnant mares' serum gonadotrophin (PMSG) alone or in combination with hCG, a method that led to the recovery of superovulated oocytes in only three animals and the entrapment of oocytes in luteinizing follicles. This methodology was developed further by Rodger and Mate (1988) who recovered multiple mature oocytes (8-24) by treating Australian captured animals with 10 iu PMSG followed 3 days later by multiple doses of synthetic GnRH. In the hands of the present authors, this method worked poorly and, after treatment, a number of seemingly mature follicles remained on the ovaries of stimulated animals.
In tammar wallabies (Macropus eugenii), pig LH has been used in place of GnRH as the ovulatory stimulus, resulting in the recovery of a significantly greater number of eggs (Molinia et al, in press).
The present study was designed to investigate whether a Animals Female brushtail possums (Trichosurus vulpécula) were trapped locally and transported to the Landcare Research Animal Facility at Lincoln. On arrival, animals were weighed, their general condition was assessed, and they were housed in individual cages. They had access to water ad libitum and were fed a diet of fresh fruit, vegetables and cereal pellets. All animals used weighed 2.0-2.5 kg and had a well-developed pouch, indicating sexual maturity.
All experiments were performed in accordance with the 1987 Animals Protection (Codes of Ethical Conduct) Regula¬ tions of New Zealand and approved by the Animal Ethics Committee, Landcare Research.
Superovulation
In all experiments, PMSG was made from a single batch of hormone, and both GnRH and LH were from the same batches to reduce variability of response due to batch effects.
GnRH
Within 4 h of arrival at the Animal Facility, female possums (n = 6) were given a single i.m. injection of 15 iu PMSG (Folligon; Intervet, Oss) dissolved in sterile water. After 72 h, the possums were given 4 50 µg i.m. injections of GnRH (Fertagyl; Intervet, Oss) at intervals of 90 min.
LH
Groups of female possums (n = 6 per treatment group) were primed with PMSG as above and then treated 72 h later with a single i.m. injection of 2.0, 2.5, 3.0, 4.0, 5.0, 7.5, or 10.0 mg LH (Lutropin-V, Vetrepharm, London, Ontario).
Controls
One control group of possums (n = 6) was treated with PMSG as above and then given a 0.5 ml saline injection instead of LH, and a further group (n = 6) was given saline only in place of PMSG and LH, respectively.
Examination of reproductive tracts
Possums were anaesthetized by C02:02 (3:1) mixture, and then killed by a single intracardiac injection of 1.5 ml sodium pentabarbitol (300 mg ml "x) 48 h after the first GnRH injec¬ tion or LH injection and their reproductive tracts were removed whole. The time of euthanasia was determined from preliminary experiments indicating that no further ovulations occur 48 h after LH. The uteri were dissected away from the vaginal complex and the ovaries were cut from the distal end of the oviduct. The oviducts and uteri were flushed using a 25 gauge needle and a syringe containing PBS and 10 iu heparin ml~1 (Sigma, St Louis, MO) filter sterilized through a 0.22 pm membrane (Millipore, Bedford, MA). Flushed oocytes were collected and fixed for 30 min in 3% formalin solution, washed through two changes of PBS, and then placed into a resting drop of PBS under oil. Oocytes were examined and then stored for further investigation.
The ovaries of all animals were examined using a low power stereomicroscope (Leica MZ 12) . Ovulation sites, the number of large ( > 2 mm diameter), unruptured follicles and the number of small ( < 2 mm) follicles that remained were counted. The diameters of these follicles were measured using an eyepiece graticule calibrated against a stage scale, and only follicles that had evidence of good vascularization and had clear follicular fluid were included in the counts. The number of oocytes flushed from the oviduct-uteri complex was compared with the number of ovulation sites on the ovaries. The ovulatory success of possums was expressed as a percentage and calculated as N/(Nl + ) 100, where = number of ovulations, NJ = number of remaining large ( > 2 mm diam¬ eter) follicles, and Nl + = the total number of large follicles recruited by treatment with PMSG.
Statistical analysis
Values are presented as means and mean percentages + SEM.
Data from the study on the dose response of animals to LH were log transformed to achieve homogeneity of variance and were analysed by a one-way ANOVA with a post-hoc test on pairs of means using Tukey's highest significant difference (HSD) procedure (Wilkinson, 1989) . The bodyweights of possums in both LH and GnRH treatment groups were analysed by one-way ANOVA and then an analysis of covariance was conducted to verify that bodyweight did not influence ovulatory success. Percentages were compared using chi-squared analysis of contingency tables and means ± SEM were compared using Student's I test.
Results
Ovarian response of possums to pregnant mares' serum gonadotrophin Possums did not respond to priming with PMSG in a predictable manner. Although all animals responded to PMSG treatment, the range of response, as demonstrated by the mean number of follicles (N + Nl), was between 6 and 12 (Table 1) .
The total number of follicles (N+Nl) varied significantly among doses of LH (ANOVA: F =3.3; < 0.05) with maxi¬ mum numbers at doses of 2 mg and 4-5 mg LH (Fig. 1 ). The mean number of follicles promoted when GnRH was adminis¬ tered was 8.7 ± 1.4 (n = 6). The mean number of small ( < 2 mm) follicles that remained on the ovaries of animals showed no significant variation across all treatments (ANOVA: F = 0.9: P< 0.05). Animals injected with saline only exhibited a range of small follicles, all of which were < 2 mm in diameter or the ovaries had no follicles.
The bodyweights of all animals used across LH and GnRH treatments exhibited no significant difference (ANOVA: F =0.88; < 0.05).
Effects of GnRH on ovulation
The ovulatory success with GnRH as the ovulatory stimulus was 43%, with a mean number of ovulation sites of 3.9 ± 1.1. 
Effects of LH dose on ovulation
When increasing doses of LH from 2 to 10 mg were administered to possums, the mean number of ovulations per animal increased to a maximum at 4 mg LH and then decreased when higher doses were administered (Table 1) . At 4 mg LH, the ovulatory success was 83% and the mean number of ovulation sites was 9.5 ± 2.8. The number of recovered oocytes closely matched the number of ovulation points on the ovaries of possums at all doses of LH (Table 1) . The mean number of follicles > 2 mm remaining on the ovaries was inversely related to the ovulatory success, with the lowest number occurring at a dose of 3 mg LH (2.5 ± 0.6) ( Table 1 ). The recovery of oocytes ranged from 83 to 100% with different doses of LH. The maximum number of oocytes recovered (9.0 ± 2.5) was achieved at a dose of 4 mg LH.
The ovulatory success did not vary significantly with dose of LH (ANOVA: F =1.1; > 0.05) and there was no significant effect of bodyweight on the ovulatory success for all doses of LH used and GnRH (F= 6.6; > 0.05).
Control animals given PMSG but injected with saline rather than LH failed to ovulate although the ovarian response to PMSG was similar to that seen with LH-treated animals (see Table 1 ).
Comparison of LH and GnRH
The ovulatory success and the number of oocytes recovered per animal using a 4 mg LH dose were each significantly greater (P < 0.05) than those of possums treated with GnRH (Table 1 ). The recovery rate of oocytes at all doses of LH was also significantly greater (P < 0.05) than those obtained using GnRH as the ovulatory stimulus (Table 1 ). There were no significant differences between the ovulatory successes at all other LH doses compared with GnRH treatment (Tukey HSD; < 0.05).
Examination of oocytes
All of the oocytes flushed from the oviduct-uterus com¬ plexes from both LH and GnRH treatments were found to have acquired thick mucoid layers, similar to those seen in normal monovular cycles, indicating that the hormonal manipulation had not affected tubai transport of the oocytes. In addition, all oocytes were exhibiting degeneration, with fragmentation of the chromatin into clumps, and the presence of polar bodies was either obscured or they too had degenerated and were no longer visible. Attempts to stain these oocytes fluorescently yielded no further data.
Discussion
Rodger and Mate (1988) reported that treatment with 10 iu PMSG and three doses of 50 µg GnRH optimally superovulated brushtail possums in Australia. In preliminary studies, priming New Zealand possums as described by Rodger and Mate (1988) resulted in the recruitment and development of few follicles (2-3 at 10 iu) and ovulation of only one or two oocytes (A. M. Glazier, unpublished). In the present study, it was necessary to use higher doses of PMSG and GnRH (15 iu PMSG, 4 50 pg GnRH) than those previously reported to superovulate possums optimally (Rodger and Mate, 1988) to compensate for the generally higher bodyweights of New Zealand possums (Cowan, 1990) .
The use of 15 iu PMSG and 4 mg LH in the present study resulted in a significantly greater ovulatory success, greater recovery of oocytes and fewer remaining large ( > 2 mm), unovulated follicles on the ovaries than with 15 iu PMSG and GnRH treatment. Since the total number of large follicles per possum in response to PMSG-GnRH or PMSG-LH treatment was similar, it follows that treatment with LH stimulated ovulation of a larger cohort of follicles and resulted in the recovery of a larger number of ovulated oocytes. Although superovulation with LH yielded greater numbers of oocytes than did the GnRH treatment, some large follicles that appeared capable of providing further oocytes remained on the ovaries. With GnRH-treated animals, ovulation sites were observed on the ovaries of all animals but the recovery rate of ovulated oocytes was much lower than that achieved with 4 mg LH. This may be due to retention of the oocyte in the ruptured follicle as a result of premature luteinization (Harding, 1969) .
Follicles need to achieve a critical size of approximately 2 mm diameter to undergo ovulation in response to either LH or GnRH (Molinia et al, in press). Increasing the dose of LH might be expected to increase the number of large follicles that ovulate. However, in the present study, the mean number of ovulations per animal and the ovulatory success reached a maximum at a dose of 4 mg LH and decreased at higher doses. This finding suggests that factors other than size may prevent seemingly mature follicles from rupturing. One explanation is that the largest (and hence the most mature) follicles rupture first in response to LH. These large follicles, once ovulated, start the process of luteinization and release the subordinate follicles from growth suppression, allowing them to resume development (Kaneko et al, 1995) . These follicles may not have been sufficiently mature at the time of LH treatment to trigger an ovulation response, and hence remain on the ovaries.
Little is known about the mechanisms controlling follicular development in possums. With the exception of data on tammar wallabies (Hinds et al, 1996) , there is little information about the hormonal control of folliculogenesis in specific marsupial species. The promoted follicles are thought to require receptors for LH for ovulation to occur. In tammar wallabies, LH receptors first appear in the final stages of folliculogenesis but are absent from the corpus luteum (Stewart and Tyndale- Biscoe, 1982) . When during the superovulation treatment of possums receptors for LH appear is unknown. This information is important for accurate timing of LH injection to be deter¬ mined for successful AI procedures (Molinia et al, 1998) and the recovery of in vivo matured oocytes.
Although this improved protocol produces a large number of oocytes by hormonal stimulation, it is vital that these oocytes are able to be fertilized and undergo normal zygotic development if they are to be of use in assisted breeding programmes involving artificial insemination (Molinia et al, in press) or in in vitro biocontrol assays (Rodger, 1997) . In eutherian species, superovulation produces cohorts of oocytes that are meiotically immature and require further culture either in intact follicles or after retrieval from the follicle (Spears et al, 1994) . Structural and physiological assessments of superovulated oocytes from possums are currently underway. It remains to be seen whether superovulated animals will mate success¬ fully in captivity, and are able to support pregnancy to term and produce live young.
The primary aim of the present study has been achieved by providing a simplified PMSG-LH protocol that produces a more reliable and consistent rate of ovulation and yields a large number of seemingly mature oocytes that can be used for further research into marsupial gamete biology.
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